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498a Wednesday, February 11, 2015well as synthetically evolved gain-of-function variants of melittin, which have
recently been developed by William Wimley at Tulane University.
Using spectroscopic techniques we show that gain-of-function variants are able
to leak larger dyes from unilamellar vesicles than melittin. Like melittin gain-
of-function variants result in virtually complete leakage of the dye from vesi-
cles. However, the concentration of peptide required to achieve leakage is
significantly lower for gain-of-function variants than for melittin. This suggests
that these peptides form larger pores than melittin and that these pores are much
more stable, remaining functional over the lifetime of the leakage experiment.
Simulations of both melittin and gain-of-function variants reveal a wealth of
atomic detail information about transient processes such as peptide absorption,
folding, and oligomeric assembly, as well as the equilibrium structural
ensemble and stability, which were verified using circular dichroism, fluores-
cence, and electrochemical impedance spectroscopy.
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The Curvature Induction of Surface-Bound Antimicrobial Peptides
Piscidin 1 and Piscidin 3 Varies with Lipid Chain Length
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The initial steps of membrane disruption by antimicrobial peptides (AMPs)
involve binding to bacterial membranes in a surface-bound (S) orientation. To
evaluate the effects of lipid composition on the S state, molecular dynamics sim-
ulations of the AMPs piscidin 1 (p1) and piscidin 3 (p3) were carried out in 4
different bilayers: 3:1 DMPC/DMPG, 3:1 POPC/POPG, 1:1 POPE/POPG, and
4:1 POPC/cholesterol. In all cases, the addition of 1:40 piscidin caused thinning
of the bilayer, though thinning was least for DMPC/DMPG. The peptides also
insertmost deeply intoDMPC/DMPG, spanning the region from the bilayermid-
plane to the head groups, and thereby only mildly disrupting the acyl chains. In
contrast, the peptides insert less deeply in the palmitoyl-oleoyl containingmem-
branes, do not reach the midplane, and substantially disrupt the chains; i.e., the
neighboring acyl chains bend under the peptide, forming a basket-like conforma-
tion. Curvature free energy derivatives calculated from the simulation pressure
profiles reveal that the peptides generate positive curvature in membranes with
palmitoyl and oleoyl chains but negative curvature in those with myristoyl
chains. Curvature inductions predicted with a continuum elastic model follow
the same trends, though the effect is weaker and a small negative curvature in-
duction is obtained in POPC/POPG. These results do not directly speak to the
relative stability of the inserted (I) states or ease of pore formation, which re-
quires the free energy pathway between the S and I states. Nevertheless, they
do highlight the importance of lipid composition and acyl chain packing.
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A General Mechanism for Off-Target Effects: Studies with Amiodarone
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Radda Rusinova1, Roger E. Koeppe II2, Olaf S. Andersen1.
1Physiology and Biophysics, Weill Cornell Medical College, New York,
NY, USA, 2Chemistry and Biochemistry, University of Arkansas, New York,
NY, USA.
Atrial fibrillation (AF) is the most prevalent type of arrhythmia and is associ-
ated with significant mortality. Amiodarone, owing to its efficacy and minimal
proarrhythmic effects, is the most commonly prescribed antiarrhythmic agent.
Though amiodarone is considered a class III, repolarization-prolonging, antiar-
rhythmic that inhibits potassium channels involved in restoring the membrane
excitable state, it also alters the function of many other structurally and func-
tionally diverse membrane proteins. This concomitant regulation of multiple
membrane proteins by amiodarone results in complex therapeutic and toxicity
profiles. Other antiarrhythmics, such as dronedarone, have similar multiple
membrane protein targets. Though such a multipronged mechanism for treating
AF appears to be desired, it is not clear how amiodarone, and other antiarrhyth-
mics exert their therapeutic actions and regulate a diverse range of membrane
proteins at similar concentrations. Chatelane et al. (1989) found that amiodar-
one and propranolol alter lipid bilayer properties, and that amiodarone does so
at therapeutic concentrations. We therefore took advantage of the gramicidin
(gA) channels’ sensitivity to changes in the lipid bilayer properties to deter-
mine whether the commonly used antiarrhythmics amiodarone, dronedarone,
propranolol and pindolol perturb the lipid bilayer properties and at which con-
centrations. Using a gA-based fluorescence assay and single-channel electro-
physiology to explore the antiarrhythmics’ effects on the lipid bilayer, we
found that amiodarone and dronedarone are potent bilayer modifiers, propran-
olol has intermediate activity, and pindolol is the least potent. Moreover, amio-
darone and propranolol increase bilayer elasticity. Because amiodarone and
dronedarone alter the lipid bilayer at their therapeutic concentrations, where
they act on multiple membrane proteins, our results suggest that their multi-target effects may involve a lipid bilayer-mediated mechanism. This under-
scores the need to further explore the role of bilayer-mediated mechanism in
therapeutic as well as toxic effects of antiarrhythmics agents.
Symposium: Advances in Electron Microscopy
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Cryo-EM of DNA Repair Protein Complexes
Hong-Wei Wang.
School of Life Sciences, Tsinghua University, Beijing, China.
The most recent technical advancement of cryo-electron microscopy is revolu-
tionizing structural biology. Using the new generation of transmission electron
microscope and direct electron counting device, we can now solve the structure
of important DNA repair complexes with high efficiency and accuracy so to
observe new structural features unseen.
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Structural Maturation of Hepatitis B Core Protein Capsids
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Hepatitis B virus consists of a capsid formed by icosahedrally arranged Hepa-
titis B core protein (HBC) and an envelope with three different types of mem-
brane integrated surface proteins (HBS). During viral maturation, inside the
capsid the RNA-pregenome is reversely transcribed into a partly double
stranded DNA. The reverse transcription is concomitant with the dephosphor-
ylation of HBC. Only after the reverse transcription is completed the viral
capsid is enveloped. Interestingly a single, naturally occurring point mutation
I/F97L in HBC causes premature envelopment of the capsid.
We have used electron cryo microscopy and image processing to investigate the
structure of phosphorylated and unphosphorylated HBC cores as well as of the
premature envelopment mutant to understand the structural mechanisms of
capsid maturation.
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Ca2þ Release Channels (CRCs) are intracellular ligand-gated Ca2þ channels
that are responsible for an increase of cytosolic Ca2þ levels in response to
diverse stimuli. Two closely related families, ryanodine receptors (RyRs) and
inositol 1,4,5-trisphosphate receptors (IP3Rs), constitute this class of the tetra-
meric ion channels localized in SR/ER membranes of all eukaryotic cells.
Despite long-established efforts of multiple groups, structural analysis of
CRCs have proven difficult due to their inherent dynamic nature and their enor-
mous size (1.3 MDa for IP3Rs and 2.3 MDa for RyRs), making X-ray or NMR
techniques poorly suited for structural studies of these membrane proteins. The
best current structures of complete CRC, determined by single particle electron
cryo-EM at intermediate resolutions of 10-15 A˚, reveal some secondary struc-
ture elements in both the cytoplasmic and transmembrane regions of channels.
Recent advances in cryo-EM field, including the use of the direct electron
detection cameras and improved image-processing software, have, in some
favorable cases, allowed for the determination of near-atomic resolution struc-
tures of integral membrane proteins. Our strategies and recent progress toward
high-resolution structure determination of the entire CRC will be discussed in
the context of breakthrough developments in single-particle cryo-EM.
This research is supported by grants from the NIH (R01GM072804,
R21AR063255, P41RR002250 and S10OD016279), the AHA
(14RNT1980029) and the MDA (295138)
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Single Particle CryoEM of Integral Membrane Proteins
Yifan Cheng.
Biochemistry and Biophysics, University of California, San Francisco,
San Francisco, CA, USA.
The Keck Advanced Microscopy Laboratory, Department of Biochemistry and
Biophysics University of California, 600 16th Street, San Francisco, CA 94158
As a versatile tool in structural biology, single particle electron cryo-
microscopy (cryo-EM) has achieved milestones of determining near atomic
resolution three-dimensional (3D) reconstructions of non-enveloped viruses
with icosahedral symmetry. Recent technological breakthroughs in single par-
ticle cryo-EM, particularly the development of novel dose-fractionated image
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robust algorithms for correction of motion induced image blurring, are transfor-
mative. It has enabled near atomic resolution structure determinations of a
broad range of proteins complexes without the need of crystals.
One of themajor challenges in structural biology is to determine structures of in-
tegral membrane proteins at different functional states. The bottleneck for X-ray
crystallography is to trap and crystallize the samemembrane protein in different
conformations. Without constrain of crystallization, it is now possible to deter-
mine structures of integral membrane proteins at subnanometer to near atomic
resolutions. At this resolution range, it is possible to derive the structural infor-
mation from docking of known or homology model into subnanometer resolu-
tion cryo-EM density maps, or to build de novo atomic structure directly from
the 3D density map. We will discuss some of the recent technological advance-
ments specific for structural analysis of integral membrane proteins.Symposium: Catalysis in the Membrane
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ZMPSTE24 and Premature Ageing: A Unique Integral Membrane Metal-
loprotease with a Hole in the Middle
Liz Carpenter.
Structural Genomics Consortium, University of OXford, Oxford, United
Kingdom.
The nuclear lamina is an intermediate filament network which underlies the nu-
clear membrane, providing rigidity for the nucleus and a binding site for chro-
matin and nuclear proteins.The lamina are important in a range of processes
including cell division, DNA repair and epigenetic effects. These filaments
are made up of three proteins, lamins A, B and C, two of which, lamins A
and B, undergo a series of post translational modifications. Failure of lamin
processing leads to a series of laminopathies including the premature ageing
syndrome Hutchinson Gilford progeria syndrome and mandibuloacral
dysplasia. Mature lamin A is formed from its precursor, prelamin A, by farne-
sylation on a C-terminal CaaX motif, removal of the aaX residues and C-termi-
nal carboxymethylation. Finally prelamin A also undergoes a proteolytic
removal of the C-terminal 15 residues, including the farnesylated Cysteine.
ZMPSTE24, a nuclear membrane zinc metalloprotease, can perform both the
proteolysis steps in this process. Although the first reaction can be performed
by RCE1 as well, the second cleavage is only performed by ZMPSTE24.
Our crystal structure ofZMPSTE24 revealed a completely unexpected fold, with a
seven transmembrane a helical barrel, surrounding a huge, intramembrane cham-
ber (Quigley et al., Science, 339, 1604-7, 2013). One end of the chamber is capped
by a zincmetalloprotease. fold, with the active site pointing into the chamber. The
C-terminal farnesylated tail of prelamin A will enter into the chamber from the
membrane/ nucleoplasm interface, undergo the first processing, be carboxymethy-
lated by ICMT and then reinsert into the ZMPSTE24 chamber to have the final 15
residues, including the farnesylated cysteine, removed. Some laminopathies are
caused by point mutations on ZMPSTE24 and our structure has allowed us to un-
derstand how these mutations affect the function of ZMPSTE24.
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The Mechanism of Rhomboid Intramembrane Protease
Ya Ha.
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The activities of many membrane proteins, including transcription factors, re-
ceptors, growth factors, and transporters, are regulated by a cleavage event
within their transmembrane domains. The intramembrane proteolytic reaction
is catalyzed by highly specialized membrane-embedded proteases belonging
to three mechanistic families. The rhomboid serine protease, first discovered
by Drosophila genetics, represents a large family of functionally diverse mem-
brane proteins that share a common core domain of six transmembrane seg-
ments. Extensive crystallographic analysis of the bacterial rhomboid GlpG
has generated insight into how peptide hydrolysis occurs inside the hydropho-
bic environment of membrane bilayers. Here we examine the conformational
change that takes place during substrate binding and catalysis based on x-ray
structures of GlpG in complex with inhibitors and peptide analogs.
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Cleavage-Dependent and Independent Role of the Serine Protease CAP1/
Prss8
Edith Hummler.
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Serine protease are enzymes involved in the regulation of many biological pro-
cesses, and generally exert their function by cleaving peptide bonds through the
catalytic triad of histidine, aspartate and serine. The channel-activating protease
1 (CAP1/protease serine S1 family member 8 (Prss8) is a membrane-anchoredserine protease expressed in the epithelium of several organs, such as the skin,
colon, lung and kidney, and can be released in the extracellular space by the
action of phospholipase C. CAP1/Prss8 was one of the the first of several
membrane-bound serine proteases, such as CAP2/Tmptrss4 and CAP3/matrip-
tase, found to activate the epithelial sodiumchannel (ENaC) in-vitro. Since these
studies strongly suggested a non-enzymatic function of CAP1/Prss8, we over-
expressed the catalytically inactive form of CAP1/Prss8 and asked whether we
can negate the obtained phenotype by crossing these mice with mice lacking
the protease-activated receptor 2, that we previously identified as downstream
target substrate. Since serine protease activity needs to be tighly regulated, we
also asked the question whether the putative serine protease inhibitor nexin-1
is able to block CAP1/Prss8 in vitro and in vivo.
Our results demonstrate the ability of a catalytically inactive serine protease to
induce disease when ectopically expressed, and a novel inhibitory interaction
that does not depend on its catalytic site.
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A Molecular Description of Cellulose Biosynthesis
Jochen Zimmer.
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Cellulose is the most abundant biological macromolecule and is an extracellular
linear polymer of glucose molecules. It is an essential component of plant cell
walls but is also found in algae and bacteria. In bacteria, cellulose production
frequently correlates with the formation of biofilms, a sessile, multi-cellular
growth form. Cellulose synthesis and transport across the inner bacterial mem-
brane ismediated by a complex of themulti-spanning catalyticBcsA subunit and
themembrane-anchored periplasmic BcsB protein.We determined several crys-
tal structures of the BcsA-B complex at intermediate states during cellulose syn-
thesis andmembrane translocation. The structures demonstrate howBcsA forms
a cellulose-conducting channel and delineate conformational changes of the syn-
thase underlying substrate binding, glycosyl transfer and polymer translocation.
Furthermore, combining biochemical and structural data, we reveal the mecha-
nism bywhich cyclic-di-GMP, a potent stimulator of bacterial biofilms and allo-
steric activator of bacterial cellulose synthase, regulates BcsA’s activity.Platform: Protein-Lipid Interactions III
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Elucidating the Interaction of 5-Lipoxygenase and FLAP
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Inflammation is one of the innate defense mechanisms exerted by the human
body for protection and to initiate the healing process. Prolonged inflammatory
reactions can lead to chronic disease conditions like atherosclerosis, asthma and
myocardial infarction. Leukotrienes (LTs) are one of several pro-inflammatory
lipid mediators involved in such inflammatory diseases and are derived from
arachidonic acid (AA). The key enzyme involved in LT biosynthesis is 5 Lip-
oxygenase (5LO), Five lipoxygenase activating protein (FLAP) an integral
membrane protein and Coactosin like protein (CLP) a scaffolding protein.
Upon external stimuli, intracellular calcium concentration increases which
translocates 5LO from the cytosol to the nuclear membrane and localizes
near FLAP. Then 5LO converts the AA to leukotriene A4. The hypothesis is
that AA is transferred from the nuclear membrane to 5LO by homo-trimeric
FLAP and CLP is also involved with 5LO in this stage. Though this hypothesis
has been studied extensively, the association between these proteins in LT
biosynthesis is still clouded. To elucidate these assisted interactions, we recon-
stituted the FLAP into ‘‘Nanodisc’’ a membrane mimicking system . We group-
ed the project by first analyzing the interaction of 5LO with ND, to simulate and
understand the calcium mediated translocation of 5LO to nuclear membrane in
this ND system. We then proceeded to use FLAP-containing nanodiscs (FND)
and repeated aforementioned analyses. We employed biochemical assays and
transmission electron microscopy to characterize the interactions and to create
a 3D model of the functional complex of 5LO,CLP and FLAP. Here, we show
our results from the above mentioned projects involved in understanding the
interaction of proteins involved in the initiation of leukotriene biosynthesis.
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Destabilizing Aquaporin Z Assembly: Effects on Structure, Function and
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Aquaporins are membrane proteins, that act as water channels in biological
membranes. Members of this family form tetrameric, or rarely pentameric,
